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SUMMARY 
1. Experiments were made during the winters of 1981-2 and 1982-3 to 
investigate the effects of drifting on the survival of brown trout 
eggs. In each year batches of brown trout (Salmo trutta L.)eggs were 
drifted along a 10 m long experimental channel at 10 or 11 days old 
(batch A) and after eyeing (batch B). A third batch (C) of eggs was 
used as a control. 
2. Water velocity at 0.6 of depth usually approached 100 cm-1 in 
at least a part of the channel length during the experimental 
treatment. ' 
3. Recovery of the eggs at the downstream end of the channel varied 
from 1.5 to 55%. 
4. The controls (c) gave a high survival to hatching (>90%) and the 
observed date of hatching agreed well with the date predicted from 
water temperatures. 
5. Survival to hatching of the batch B eggs recovered from the channel 
was 95% in 1981-2 and 100% in 1982-3 and this cannot be shown to 
differ significantly from survival in the controls (P> O.90). 
6. Of the batch A eggs recovered from the channel 44% survived to 
hatching in 1981-2 and 55% in 1982-3. These survivals differ 
significantly (P<0.001) from those of the controls. 
7. Throughout most of the incubation period (November - March) in both 
seasons the mortality rate in all three hatches was low and relatively 
constant. The exception was a period in January when the rate of 
mortality showed a temporary hut marked increase in all three batches. 
During 1982-3 the batch A eggs showed an additional and large increase 
in mortality a few days after passage through the channel. A similar 
large increase in mortality was observed in the 1981-2 batch A eggs 
but did not become apparent until January, some two months after 
treatment. This difference in timing of the mortality arising from 
drifting may reflect between-years differences in the degree of 
development of the eggs at the time when experiment A was performed. 
8. Hatching of the two treated batches of eggs (A & B) occurred approximately 
8-11 days later than in the control (C). 
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INTRODUCTION 
At high stream discharges salmonid eggs can he displaced from the 
gravel and may drift downstream (Elliott, 1976). It has been suggested 
(e.g. Mills, 1971) that developing salmonid eggs may be killed by "physical 
shock", especially during the period before "eyeing". Similarly, a progress 
report by the International Pacific Salmon Fisheries Commission (1966) 
states that salmonid eggs are most sensitive during the period between 
fertilisation and blastopore closure. However, it would seem unlikely that 
this sensitivity actually begins at the time of fertilisation because, 
in nature, a period, perhaps measured in hours, must occur during which 
the newly-fertilised eggs are exposed to physical shock during the 
deposition of gravel over them as a result of the cutting activity of 
the female fish. 
The present report describes simple channel experiments designed to 
answer the two questions: 
1. After release of eggs from the gravel, does the process of drifting 
downstream, which implies some physical shock through movement and 
impact, decrease the survival of salmonid eggs? 
2. Is the survival rate-influenced by the stage of development of the 
eggs? 
Although the observations were quantitative, the results cannot be 
applied quantitatively to field situations (see pp.10-1l). 
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MATERIAL, METHODS & PROCEDURE 
The experiments were performed during the 1981-2 and 1982-3 incubation 
periods on eggs stripped from local (Teesdale) trout (Salmo trutta L.) 
on 2 November 1981 and 5 November 1982. In 1981 a total of 1450 eggs 
from several female trout (Salmo trutta L.) were mixed with milt from 
several males and then separated into two batches of 450 eggs (hatches 
A & B) for experimental use and one hatch of 550 eggs (hatch C) for use 
as a control. Thus, although the genotype might vary between eggs 
within each hatch, the mix of genotypes can be assumed to have been 
similar in all three batches. 
In 1982 seven females and six males were stripped and 2025 of the 
eggs obtained were separated into three batches, each of 675 eggs. 
The four channels have been described in some detail by Carling 
(1981). For the present experiments they contained gravel of known 
size distribution (Table 1) to a depth of approximately 12.5 cm. The 
egg drifting experiments were performed in different channels so as to 
avoid any carry-over of eggs from one experiment to the next, but both 
experiments in each year were performed at similar water velocity values 
(Table 2). Details of the channels are shown in Figure 1. 
In experiment A the eggs of batch A were passed down channel 3 
c. 10 days after fertilisation (i.e. 12 November 1981, 16 November 1982). 
They were released into the channel about 0.5 m downstream of the grid 
sand those which reached the net within 1 minute were replaced in the mesh 
box and kept under observation. 

TABLE 1. Composition of the gravel used in the channels from Carling 
(1984). Statistics of the frequency distribution are: 
Arithmetic mean = 15.57 mm, Standard deviation = 8.10 mm, 
Skewness = 0.54, Kurtosis = 2.22. Note that the ø scale is 
an expression of particle sizes on a log2 basis and ø = 0 
when particle size = 1 mm. 
TABLE 2. Water velocity measurements in the channels on the days of the egg 
drifting experiments. Velocities were measured at 0.6 of depth using an Ott 
current meter along two transects (I & II) 3.5 and 8.0 m downstream of the grid 
below the input pipe respectively (see Fig. 1). At each transect 3 measurements 
of velocity were made in mid-channel (I2 & II2), and 3 measurements at points 
approximately 10 cm from each edge of the channel (I1, I3, II1 & II3). The 
results have been consolidated as means at each point (n = 3) and transect 
means ± 95% C.L. (n = 9). 
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In experiment B the eggs of batch B were allowed to become well 
"eyed" (i.e. 7 January 1982, 10 January 1983) and were then passed down 
channel 4. Apart from the stage of development of the eggs, the procedure 
was the same as in experiment A. 
Throughput the period of observation in each year (2 November 1981 -
12 March 1982, 5 November 1982 - 11 March 1983) all three batches of eggs 
were held in similar containers receiving water of identical quality. 
The eggs were examined at irregular intervals, rarely more than seven 
days. At each inspection dead eggs were removed and counted and a 
visual assessment of stage of development was made. Hatching was taken 
as the criterion for survival. The 1981-2 material was closely examined 
on 25 February 1982 and counts were made of numbers of alevins, dead 
eggs, and eggs judged to be still alive. The latter were reared on 
until 12 March 1982, when all viable eggs had hatched, and records were 
kept of numbers of eggs hatched during this period. For the 1982-3 
material, all dead eggs and alevins were removed from the boxes and 
counted at each inspection, but live alevins were allowed to accumulate 
until 2nd March. On this date all live alevins were removed from each 
box and counted, and thereafter, alevins were removed and counted during 
each visit, until 11 March 1983 when all viable eggs had hatched. 
RESULTS 
1. Water velocity and depth 
The water velocity measurements (Table 2) cannot be used to estimate 
a mean velocity over the whole channel area during each experiment. 
However, they do show that: 
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(a) Water velocity at 0.6 of depth was greater 3.5 m downstream of the 
grid than 8.0 m downstream of the grid. This suggests that velocity 
over a cross-section decreases along most of the length of the channel 
with distance downstream of the grid. 
(b) Within the limitations of the observations, the pattern of spatial 
variation in velocity was similar in all four experiments. 
(c) The absolute values of velocity were similar in all four experiments, 
though the velocities on 10 January 1983 were rather lower than in 
the preceding experiments. 
In all of these experiments the water depth was c. 12.5 cm. 
2. Water temperature 
A summary of mean water temperature for each month or part of a 
month is shown in Table 3. 
3. Predicted egg development 
The percentage of development towards median hatching date for 
brown trout eggs can be predicted from water temperature by means of 
equations given by Crisp (1981). The results of such predictions are 
summarised in Table 4. 
The observed dates of 50% hatch for the control batches were c. 22 
February 1982 and c. 25 February 1983 and these are close to the predicted 
dates of 26 February and 21 February, respectively. Therefore, the 
predicted values in Table 4 can be taken as a useful base from which to 
consider the experimental results in terms of "metabolic time" as well 
as "calendar time". Experiment A was performed on 10 day old eggs in 
1981—2 and 11 day old eggs in 1982-3 and experiment B was performed 
on 66 day old eggs in both seasons. The calendar ages of the eggs 
were, therefore, almost identical in both sets of experiments. However, 
TABLE 3. Mean water temperatures for months or parts of months. 
The results for 1981-2 include 8 days in November, 13 days 
in January and 6 days in March for which daily means have 
been estimated from data obtained at other stations 
TABLE 4. Predicted percentage completion of development towards median (50%) hatching date of brown trout eggs 
at various times during the period of observation 
in metabolic terms the eggs used in 1982-3 were at a more advanced stage 
of development than those used in 1981-2, at the times of the experiments. 
This reflects the fact that in 1982-3 the mean water temperature for 
November, December and January was higher by c. 1.0°C than in 1981-2. 
The. February and March water temperatures were lower in 1983 
than in 1982, so that the dates of 50% hatch were similar in each of 
the two seasons. 
4. Losses of eggs during passage through the channel 
On 10 and 12 November 1981 four batches each of 50 eggs from the 
same provenance as those used in the main experiments were introduced 
into a channel not used in the main experiments. The time elapsing 
between introduction of the eggs at the top of the channel and removal 
of the receiver at the bottom end of the channel varied between batches 
from 0.75 to 10 minutes. Two conclusions can be drawn (Table 5): 
(a) Some 48-56% of the eggs were retained in the channel. 
(b) Most of the eggs likely to complete the passage through the channel 
did so in less than 1 minute. 
Therefore, in the two main experiments the egg receiver at the 
lower end of the channel was removed 1 minute after introduction of the 
eggs. This ensured recovery of most of the eggs likely to reach the 
receiver, whilst reducing the time spent by those eggs in the receiver 
(and any consequent damage) to a minimum. 
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TABLE 5. Results of pilot experiments on loss of eggs during transit 
through the channels and time taken to complete transit. 
The proportion of input eggs recovered after the experiments varied 
considerably between experiments. In 1981-2 55% were recovered from 
experiment A and 18% from experiment B, whilst the corresponding values 
for 1982-3 were 30% and 1.5% respectively. These differences could 
reflect differences in channel water velocity and in degree of compaction 
of the bed material between different experiments and years. Preliminary 
examinations of settlement rates of eggs within the channels were described 
by Crisp (1984, unpubl.). 
5. Survival to hatching 
Survival to hatching can be assessed in two ways: 
(a) By removing and counting all dead eggs as soon as it is apparent 
that they are dead and then deducting these counts from the initial 
number of eggs present. 
(b) By counting all alevins (dead or alive) present at or near the 
end of the period of observation. 
In theory, these two approaches are both equally valid and should 
give exactly the same result. In practice there are discrepancies. 
These arise largely from the fact that dead eggs persist in an identifiable 
and countable condition for an appreciable time after death, whereas dead 
alevins decompose rapidly and quickly become uncountable. This problem 
could be overcome by daily counts of dead alevins were it not for the fact 
that the frequent disturbance of the incubating material in the course 
of removing dead alevins could itself affect survival rate. 
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The results obtained by counting dead eggs are shown in Tables 6 & 
7 together with the resultant estimate of percentage survival to hatching. 
The table also shows percentage survival to hatching estimated from counts 
of alevins. The latter estimates are likely to incorporate a larger error 
than the former and are best taken as minimal estimates of survival. 
Either method of estimation shows a similar pattern between batches, 
with high survival in the control (batch C) and in batch B and much 
lower survival in batch A. 
Losses amongst the experimental batches and (see below) changes in 
mortality rate during the course of incubation cause problems in satisfactorily 
performing statistical tests on the data. However, if certain assumptions, 
which tend to minimise the differences between batches, are made, then the 
Chi-squared test can be used. Table 8 shows percentage survival rates, 
based on counts of dead eggs, for the control batch (C) throughout the 
course of observation and for the experimental batches from the time of 
passage through the channels to 12 March 1982 or 11 March 1983. In both 
seasons, survival was much lower in Batch A than in batches B and C. 
In 1981-2 only 105 out of 240 (43.8%) of batch A eggs survived from 12 
November to 12 March. The number of survivors expected (on the basis of 
batch C) would be 227. The observed rate of survival was, therefore, 
significantly lower than expected (Chi-squared = 65.6, P < 0.001). A 
similar result (Chi-squared = 50.4, P<0.001) was obtained in 1982-3. 
Tests between batches B and C showed no significant difference in 
survival in 1981-2. (Chi-squared = 0.008, P> O.98). No test between 
batches B and C was possible in 1982-3 because the number of eggs recovered 
from the channel after experiment B was so small (10). 
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TABLE 6. i. Summary of egg losses during passage through the channels. 
ii. Summary of dead eggs removed from each hatch during the course 
of observations. 
iii. Estimates of percentage survival to hatching based on these data, 
after elimination of the effects of egg loss within the channels. 
Estimates of survival based on counts of alevins are shown in parentheses. 
TABLE 7. i. Summary of egg losses during passage through the channels. 
ii. Summary of dead eggs removed from each batch during the course of 
observations. 
iii. Estimates of percentage survival to hatching based on these data, 
after elimination of the effects of egg loss within the channels. 
Estimates of survival based on counts of alevins are shown in 
parentheses. 
TABLE 8. Numbers of surviving eggs within each batch. 
6. Temporal variation in mortality 
Plots of percentage survival against time (Fig. 2) indicate that, 
in both seasons, there was a relatively low rate of mortality in all three 
batches throughout most of the period of incubation. In 1981-2 each batch 
showed a sudden fall in survival during January (Fig. 2a), though the 
magnitude of the fall varied considerably between batches. For the 
control (C) and batch A this fall occurred between 18 and 25 January 
when development towards 50% hatch was 66-71% completed. For batch B 
the fall occurred between 4 and 7 January when development towards 50% 
hatch was 58-59% completed and before this batch of eggs was passed down 
the channel. This sudden fall in survival should, therefore, be regarded 
as a feature common to all three batches, regardless of their previous 
experimental treatment. The most striking feature of the data is, however, 
the magnitude of the fall in survival in batch A relative to the other 
two batches. Between the time when batch A passed down the channels 
and 18 January (a period of over two months) and from 25 January to 
12 March mortality in batch A appears to have been rather higher than 
in the other two batches but between 18 and 25 January it was markedly so. 
If , as is probable, this represents the effects of passage through the 
channel at a relatively early stage of incubation, then it is clear that 
the full effects of this treatment did not become apparent until a later 
(more critical?) stage of development was attained. 
The 1982-3 data (Figure 2b) show the same general pattern as the 
1981-2 data, with one notable exception. Whereas in 1981-2 the high 
mortality in batch A did not become apparent until some 2-3 months after 
the experimental treatment, in 1982-3 the increased mortality in batch A 
was observed eleven days after the treatment. As in 1981-2, a 
small dip in the survival curve was apparent for all three batches during 
January. This occurred between 4 and 12 January, when development towards 
50% hatch was 64-71% completed. 
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7. Rate of development and time of hatching 
Figure 3 shows plots, against time, of number hatched as a percentage 
of viable survivors for each batch of eggs. 
The observed date of 50% hatch for batch C was estimated by 
visual inspection as 22 February in 1982 and 23 February in 1983 and these 
points are shown on the graphs. They are in good agreement with the 
predicted dates of 26 February and 21 February respectively. In each of 
the two seasons batches A and B had less than 25% hatch on the day when 
50% hatch was observed in batch C and batches A and B attained 50% hatch 
some 8 to 11 days later than batch C. 
It is not possible to make significance tests upon these differences 
in timing. It is, however, possible to test the differences between batches 
in proportions hatched on 25 February and on 2 March 1982 and on 2 March 
1983. On each date the proportion of hatched eggs in batches A and B was 
considerably lower than the expected proportion (batch C) and Chi-squared 
tests (Tables 9 and 10) showed that these differences were significant 
(P <0.001 ). 
DISCUSSION 
1. Effects of passing through the channels 
These experiments show that the simple process of drifting along a 
channel for c. 10 m can reduce survival rate between the times of fertilisation 
and hatching from >90% to 40-55% if the eggs concerned have completed 13-20% 
of development to the median hatch date. No significant reduction in 
survival could be demonstrated for eyed eggs (60-70% of development to 
median hatching date). As a result of drifting, the date of median hatch 
was delayed by 8 - 11 days for. eggs at both the above stages of development, 
relative to the control batches. The treated and control batches all showed 
a temporary increase in rate of mortality during January and this probably 
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TABLE 9. Observed numbers of viable eggs hatched and not hatched on 25 February 1982, in each hatch, 
expected numbers in each category in hatches A and B (taking the ratio in hatch C as the expected 
ratio) and the results of Chi-squared tests. 
• 
TABLE 10. Observed numbers of viable eggs hatched and not hatched on 2 March 1983, in each batch, expected 
numbers in each category in batches A and B (taking the ratio in batch C as the expected ratio) and 
the results of Chi-squared tests. 
Date OBSERVED NUMBERS OF EGGS 
indicates a critical stage in embryonic development when 60-70% of 
development to median hatch date is completed. 
An important difference between the results from the two seasons 
was the occurrence in 1982-3 of a high rate of mortality in the batch A 
eggs soon after drifting, whereas in 1981-2 this mortality did not become 
apparent until nearly two months after the treatment. There is no obvious 
explanation for this, but it is noteworthy that although the eggs used in 
both years were of similar age at the time of experiment A (10-11 days) those 
used in 1982—3 were at a later stage of development (19.7% of development 
to median hatch) than those used in 1981-2 (13.5% of development to 
median hatch). 
2. Relevance to field washout 
The velocities at 0.6 of depth observed in the channels during the 
experiments were comparable to those occurring in natural streams under 
spate conditions, though velocities well in excess of 100 cm s-1 can 
occur at some locations in natural streams during severe spates. The 
bed material in the channels was less rough than in most natural streams 
and hence the flow was less turbulent. It is, therefore, likely that 
an egg drifting a given distance along a channel will suffer physical 
shock similar to, or rather less than, that suffered by an egg drifting 
a similar distance in a natural stream. 
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It should be noted that the experiments have been concerned only with 
the effects of "physical shock" suffered during the process of drifting 
downstream. When eggs are washed out of natural redds, a number of other 
factors will come into play and may cause additional mortality. These includes 
(a) Grinding, crushing and impact effects during the disruption of the redd 
and the release of eggs from the gravel. 
(b) Increased accessibility of the eggs to predators during the process 
of drifting. 
(c) Increased accessibility to predators of any eggs which finally come 
to rest on the streambed. 
(d) Reburial or deposition of displaced eggs at unsuitable depths in the 
gravel or at sites unsuitable for successful incubation. 
Little is known about the last three of these factors but some information 
on mortality caused during the process of washout is given by the International 
Pacific Salmon Fisheries Commission (1966). Experiments were performed in 
which sockeye salmon eggs within redds were exposed by application of a 
stream of water of 5 cm diameter with a velocity of 1.5 m s-1 onto the gravel 
until the first egg was uncovered. ' When eggs which had developed for 146 
degree-days (c. 30% of completion of development to median hatch date for 
Atlantic salmon at 5°C) were used, the test eggs had a survival of 45% (82.8 
- 90% in the controls). When older eggs (186 degree-days, c. 38% of completion 
of development to median hatch date for Atlantic salmon at 5°C) were used, 
survival in three test batches ranged from 90-96% and in two control batches 
from 94-95%. The survival of the washout process by the younger eggs was 
similar to that observed in the present channel experiments for 10-11 day 
old eggs. 
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